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Dyeable polyolefin fibre 

The invention relates to dyeable and printable polyolefins, and in particular the invention 
5 relates to dyeable polyolefins which can be easily processed in different ways, for 
example, be spun into fibers. 

Polyolefin fibers have many good properties, such as low density, high strength, high 
resistance to chemicals and wear, and low price. However, polyolefin fibers are difficult 

10 to dye by the same methods as polyester or nylon fibers, since non-polar polyolefin does 
not have sites to which the dye can adhere. Attempts have been made to solve this 
problem by three principal methods: after-treatment of the fiber; copolymerization; or the 
adding of a suitable additive before spinning. The after-treatment of the fiber may be 
carried out either chemically, in which case the structure of the polymer is changed, or by 

15 adding to the fiber some substance to which the dye can adhere. After-treatment of the 
fiber is expensive, and the substances may be toxic or deleterious. Copolymerization of 
propylene with polar monomers by coordination polymerization is difficult or impossible. 
Copolymerization of ethylene with polar monomers by a high-pressure process is success- 
ful, but the polymers obtained are highly branched and therefore poorly suited for 

20 spinning. The additives added to the polyolefin before spinning are either polymeric or 
small-molecular substances. Polymeric additives contain polar groups to which the dye can 
adhere. When polymeric additives are used there is the problem that the polyolefin and 
the additive are not miscible with each other, and this has a negative effect on the spin- 
nability of the product. A low-molecular substance does not affect spinnability, but it is 

25 neither chemically not adhesively bonded to the polyolefin and will therefore not stick to 
the polyolefin fiber and will become diffused, carrying the dyes with it, especially in 
connection with washing. The colorant may, of course, also be added as a pigment in the 
extruder before spinning, but in such a case only a few hues are available. 

30 Patent EP 39207 discloses a dyeable polyolefin which is obtained by incorporating 0.1- 
30 % by weight of an ethylene/aminoalkyl acrylate copolymer into crystalline polyolefin. 
Preferably the copolymer is a copolymer of ethylene and dimethylaminoethyl methacrylate 
(DMAEMA). 
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Patent application publication EP 468519 discloses as a solution to the problem the 
modification of polypropylene fibers by blending with polypropylene small amounts of a 
copolymer of polyamide-6,6 and hexamethylene diamine and a sodium salt of 5-sul- 
foisophthalic acid. 

5 

According to application publication WO 85/04889, a polyolefin composition dyeable by 
conventional techniques is obtained by blending with polyolefin at least one metal 
sulfonate, for example sodium dodecylbenzene sulfonate. 



10 However, it has now been observed, surprisingly, that the problems mentioned above can 
be solved by modifying a polyolefin with a polar monomer with so called solid state 
grafting. By this method a product can be obtained in which the polar monomer is 
polymerized to very small drops (< 1,0 pm) into the polyolefin matrix. Because the 
modifying agent is thus in polymeric form it does not diffuse out from the fiber and 

15 because the drop size is so small it does not have any bigger effect to the spinning 
properties. The polyolefin thus obtained can be easily dyed or printed by conventional 
methods, and it can be used for manufacturing, for example, spun fibers or split fibers. 
The use of modified polyolefin as a master batch is an economically preferable alternative. 

20 Such polyolefin type which is spinnable and dyeable in such way as e.g. polyester fibers 
has not been available. According to the method of this invention such type can be 
achieved . 

The modification of polyolefin is carried out by so-called solid-state grafting, in which a 
polar monomer is added to the polyolefin, the monomer containing functional groups to 

25 which the dye can adhere. The polyolefin is impregnated with the added monomer 
together with peroxide, and when the temperature is raised the peroxide breaks down and 
initiates the polymerization of the monomer inside the polyolefin particle. The result is a 
product in which the polyolefin is the continuous phase and the polymerized monomer the 
dispersed phase. Since the polymerization is initiated by peroxides, some of the poly- 

30 merized monomer is grafted to the polyolefin chain. This grafted portion serves as a 
compatibilizer in the blend and enables the structure in which the added and polymerized 
monomer is the dispersed phase to withstand machining and still be present in the 
completed polyolefin fiber. Since by solid-state grafting it is possible to add monomer up 
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to tens of per cent, this modified polyolefin can be used as a master batch. For poly olefin 
fiber it suffices if it contains a few per cent of a polar polymer. The modified polyolefin 
can be blended with pure polyolefin in a separate machining step, and this blend can 
thereafter be run through the spinning machine. The modified polyolefin and the pure 
5 polyolefin may also be dry mixed and be thereafter run through the spinning machine. 
The obtained PO fiber is dyeable with a suitable dye in an aqueous solution or some other 
solvent. 

The modification of polyolefin by solid-state grafting can be carried out by any known 
10 method in which monomers are polymerized by free radical polymerization inside 
polyolefin pellets, preferably in accordance with Finnish patent 88170. In principle, the 
manufacture is carried out by blending the monomer, the peroxide and the polyolefin 
pellets at an elevated temperature, whereupon the pellets are impregnated with the 
peroxide and the monomer. The impregnation temperature is so low that the peroxide will 
15 not break down, but sufficiently high for the monomer and the peroxide to be absorbed 
by the polyolefin pellets. After the impregnation, the temperature is raised, whereupon the 
peroxide breaks down and initiates polymerization. During the impregnation the pellets 
swell somewhat, depending on the amount of monomer added, but they remain in pellet 
form throughout both the impregnation and the polymerization. 

20 

By the polyolefin modification, in accordance with the present invention, carried out by 
solid-state grafting, a product is obtained in which the polyolefin is the continuous phase, 
and the dispersed phase is a polymer which contains sites required for the adhering of the 
dye. Since in a product manufactured by solid-state grafting the polyolefin is the con- 

25 tinuous phase, the blending of this product with pure polyolefin is easy and does not have 
a deleterious effect on spinning properties. If the polyolefin fiber is made from polypropy- 
lene, it is preferable to use polypropylene as the initial material also in the modification 
process. Thereby it is ensured that the polypropylene and the modified polypropylene are 
well miscible with each other. The situation is, of course, the same when polyethylene is 

30 used. 

The polyolefin used in the modification 
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The polypropylene may be a homopolypropylene. a random polypropylene or a block 
polypropylene. A random polypropylene and a block polypropylene may contain at 
maximum 30 % by weight of comonomer. The comonomer used may be ethylene or other 
a-olefins; dienes such as hexadiene-1,4, hexadiene-1,5, heptadiene-1,6, 2-methylpen- 
5 tadiene-1,4, octadiene-1,7, 6-methylheptadiene-l,5; or polyenes such as octatriene and 
dicy clopentadiene . 

The polyethylene is preferably a linear polyethylene (HDPE, LLDPE), but a polyethylene 
prepared by a high-pressure process is also usable. Any conventionally used comonomers 
10 can be used as comonomers. 

Monomer/dye 

The selection of the monomer to be used for the modification of polyolefm depends on the 
15 dye to be used. The dyes may be, for example, anionic, cationic, reactive, and disperse 
dyes. The monomer is selected so that it will form a sufficiently strong bond with the dye. 
If the dye is anionic (an acid dye), the polymer should have cationic groups to which the 
dye will be bound via ionic bonds. Such cationic groups include, for example, tertiary 
amino groups. If the dye is cationic, the polymer should have anionic groups to which the 
20 dye can be bound via ionic bonds. A disperse dye will bind to polymer via hydrogen 
bonds and/or by van der Waals* forces. Suitable groups to which disperse dye can bond 
are in such a case, for example, ester and OH groups. The monomer should have a 
double bond, and it must be polymerizable by the free radical mechanism. Examples of 
suitable monomer types by means of which polyolefin can be modified by solid-state 
25 grafting include alkyl acrylate and methacrylate; alkoxyalkyl acrylate and methacryiate: 
hydro xy alky 1 acrylate and methacrylate; alkyl acrylamide and methacrylamide; alkyl and 
dialkyl aminoalkyl acrylate and methacrylate; alkyl and dialkyl aminoalkyl acrylamide and 
methacrylamide; alkylvinyl pyridine; monomers containing a carboxylic group: and 
oxazolines having a double bond. Individual examples of the above-mentioned and other 
30 monomers are alkyl acrylate and methacrylate having 1-4 carbon atoms in the alkyl chain; 
hydroxypropyl methacrylate; octyl acrylamide; diethylaminoethyl methacrylate; dimethyla- 
minopropyl methacrylamide; and styrene. Monomers can be used either alone or as 
mixtures. Highly polar monomers may absorb poorly to non-polar polyolefin pellets, in 
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which case it may be preferable to use as an auxiliary agent a solvent which is easily 
absorbed by polyolefin pellets at an elevated temperature. The solvent will facilitate the 
absorption of the polar monomer. Many aromatic solvents are suitable solvents. Styrene 
is one preferable solvent, since it can be copolymerized with another monomer, and in 
5 such a case the product will not contain solvents which should be removed before the use 
of the product in polyolefin fiber. The use of styrene is preferable also because in 
polymer form (polystyrene or poly(styrene-co-polar monomer) it is amorphous. This pro- 
motes the absorption of the dye by polyolefin fiber, since the dye can pass into the inner 
parts of the fiber by using the amorphous areas. 

10 

In solid-state grafting the medium is water. In this case it is preferable that the monomer 
used is as insoluble in water as possible. Water soluble monomers can be used, but in 
such a case the entire polymer amount will not polymerize into the polyolefin pellet; some 
is left in the aqueous phase. It is also preferable that the monomer is stable in hot water. 

15 If the monomer breaks down (e.g. becomes hydrolyzed) in hot water, and even if it has 
been absorbed by the polyolefin pellet, pan of the monomer breaks down and only part 
is retained in the polyolefin for the dye to adhere in dyeing. Water soluble monomers and 
monomers breaking down in hot water may, of course, be used when so desired, but their 
use is uneconomical, since only a portion of the monomer used can be exploited in 

20 dyeing. 

Amount of monomer 

The monomer amount used may be as low as possible, but it is economically advanta- 
25 geous to add as much of monomer as possible and to use the modified polyolefin as a 
master batch in polyolefin fiber. The largest possible amount of monomer depends both 
on the polyolefin and on the monomer type, but the limit is approx. 60 % by weight of 
the total amount of polyolefin and monomer. If more than 60 % by weight is added, there 
may be a phase reversal in the polymerization, in which case the polyolefin becomes the 
30 dispersed phase. Preferably the monomer amount used is 20-50 % by weight. 



Initiator 



WO 96/26308 PCT/FI96/00073 

6 

Suitable initiators include the initiators conventionally used in free radical polymerization 
of vinyl monomers, for example organic peroxides such as dibenzoyl peroxide; lauroyl 
peroxide; t-butyl perbenzoate; t-butylperoxy-2 -ethyl hexanate; dicumyl peroxide; di-t-butyl 
peroxide; bis(t-butylperoxy-isopropyl) benzene: t-butylperoxy-isopropyl carbonate; 2,5-di- 
5 methyl-2,5-di-t-butylperoxy hexane; 2,5-dimethyl-2,5-di-t-butylperoxy hexyne-3; and azo 
compounds such as azobi-isobutyronitrile and azobisdimethyl valeronitrile. 

Several initiators may be used simultaneously, in which case the polymerization is started 
at a low temperature by using a "low-temperature initiator" and is completed at a high 
10 temperature by using a "high-temperature initiator". In this manner, a maximally low 
content of residual monomer is accomplished. The suitable amount of initiator may be 
0.01-2.00 % by weight, preferably 0.1-1.0 % by weight of the amount of monomer. 

Preparation, impregnation and polymerization of the modified polyolefin 

15 

The modified polyolefin may be prepared by any known method in which the polyolefin 
pellets are first impregnated with a monomer and an initiator, and thereafter the monomer 
is polymerized by raising the temperature. The impregnation with monomer and initiator 
can thus be carried out completely without water, with a small amount of water, by 

20 adding the water, or by adding the water when more than one-half of the monomer has 
become absorbed as described in Finnish patents FI85496, FI86642 and FI88170. The 
impregnation may also be carried out in a water suspension, as disclosed in patent US 
4.412.938. The impregnation may also be carried out in accordance with German patent 
publication DE 2.907.662, in which case the monomer and the initiator are added slowly, 

25 in the course of several hours, at an elevated temperature into the midst of polyolefin 
particles in an aqueous suspension, in which case the absorption and the polymerization 
will occur simultaneously. 

Preferably the impregnation and the polymerization are carried out by the method 
30 according to Finnish patent FI88170. In this case the amount of monomer may be up to 

65 %. 



Properties of polyolefin modified by solid-state grafting 



WO 96/26308 PCT/FI96/00073 

7 

The "drop size" of the dispersed polymer in the polyolefin matrix is about 0.1-1.0 /im. 
Since peroxides are used for initiating the polymerization, a portion of the polymerized 
monomer is grafted to the polyolefin chain. This grafted portion serves as a compatibilizer 
in the blend and prevents the dispersed polymer from becoming agglomerated in large 
5 areas both in the machining step, if the modified polyolefin is blended with pure polyole- 
fin in a separate machining step, and in the spinning step. Slight agglomeration may 
sometimes occur, in which case the dispersed areas grow to approximately double, but 
larger areas will not form, since the grafted portion stabilizes the structure. 

10 Final polyolefin composition 

The final polyolefin composition contains 1-100 % by weight, preferably 5-40 % by 
weight, of polyolefin which has been modified by solid-state grafting and contains 1-60 % 
by weight, preferably 10-50 % by weight, of units which are derived from the polar 
15 monomer and to which dyes can adhere. The final polyolefin composition thus preferably 
contains 0.5-10 % by weight of polar units. The modified polyolefin is diluted according 
to need, depending on the final use. The diluting is preferably carried out by melt mixing, 
for example, in an extruder, but dry mixing may also be used. 

20 Manufacture of the product 

The polyolefin blend or undiluted modified polyolefin, described above, may be used for 
making either spun fibers or split fibers. 

25 In the manufacture of spun fibers, polymer pellets are melted in an extruder and are 
pressed by means of a melt pump through small perforations in the nozzle. The number 
of perforations in the nozzle varies, and it may be up to tens of thousands. Molten 
polymer is drawn downwards at high speed, whereby the fiber diameter is greatly 
decreased, and the polymer cools and solidifies. The fiber is usually stretched even further 

30 while cold or slightly heated, since thereby the strength of the fiber can be improved 
considerably. Finally the fiber is reeled. The spun fiber is used in particular in textile 
applications, such as home textiles, clothing, automobile upholstery, etc. 
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In industrial applications, such as the manufacture of ropes, bands, filters or large sacks, 
split fiber is often used. In this case, the polymer is made by conventional techniques into 
a film, which is cut or fibrillated into narrow strips and is stretched. 

5 Dyeing of the product 

Modified polymer according to the invention may be dyed as such, or it may be blended 
with pure poly olefin, which is then dyed. Any conventional dyes, such as disperse, acid, 
reaction, vat, and metal complex dyes, can be used for the dyeing. The dyeing is carried 
10 out by conventional methods. Dyeing methods typically used are exhaust dyeing, con- 
tinuous dyeing (thermosol process), and printing. The use of dyes of different types and 
examples of dyeing recipes are described in greater detail in the embodiment examples. 



The invention is described in greater detail with the help of the following examples 
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A. Preparation of modified polyolefin 
Examples a - j 



The polyolefin pellets, the monomer(s) and the initiator were placed in a reactor. The 
5 reactor was pressurized at a low mixing speed and was emptied using nitrogen at 7-8 bar 
three times to remove the oxygen. Thereafter the temperature was raised to the impregna- 
tion temperature, 50-130 °C, and was maintained at that temperature until most of the 
monomer and initiator had been absorbed by the polyolefin pellets. The impregnation time 
was 1-3 hours, depending on the polyolefin and the monomer type. Thereafter there were 
10 added the nitrogenated suspension water, which contained as the suspended material trical- 
cium phosphate, and the sodiumdodecylbenzene sulfonate. The temperature of the suspen- 
sion water was the same as the impregnation temperature. After the addition of the water, 
the temperature was raised so much (100-150 °C) that the initiator began to break down 
and initiated polymerization. The polymerization time was 5-15 hours. After the polymeri- 
15 zation, the product was washed and dried. Numerous products were prepared by this 
method by using different monomers and monomer blends; the results are compiled in 
Table 1. 



The following monomers, initiators and polymers were used in the modifications: 

20 

BMA = butyl methacrylate 

DMAPMA = dimethylaminopropyl methacrylate 

2-HPMA = 2-hydroxypropyl methacrylate 

OAA = octylacrylamide 
25 MMA = methyl methacrylate 

EMA = ethyl methacrylate 

t-BPB = ten-butylperoxybenzoate 

Trig 145 = Trigonox 145, manufacturer Akzo 

Perk 14 = Perkadox 14, manufacturer Akzo 
30 XB8050H = random polypropylene, melt index 8.0 

XB6050H = random polypropylene, melt index 6.0 

VB1950K = homopolypropylene, melt index 1.9 

VC2512H = homopolypropylene, melt index 25 
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XB1850B = random polypropylene, melt index 1.8 
XA3021 = random polypropylene, melt index 0.3 
XB8054S = random polypropylene, melt index 8.0 
PP1 = VC1235B = homopolypropylene, melt index 12 
5 PP2 = VC3535H = homopolypropylene, melt index 35 
PP3 = VC2535D = homopolypropylene, melt index 25 
PE1 = HDPE, melt index 28 
NCPE8020 = LLDPE, melt index 1.0 

10 All of the polypropylenes were manufactured by Borealis Polymers Oy. 

Figure 1 shows an SEM picture of the product of Example h in Table 1 . This product 
contains 70 % by weight of polypropylene and 30 % by weight of poly(styrene-co-(2- 
hydroxypropylmethacrylate)). The picture shows that the poly (sty rene(2-HPMA)) is 
15 dispersed as pearls having a size of approx. 0.3 /xm. 

B. Making of fiber 
Blends 1-13 

20 The modified polyolefin products prepared under A were blended with homopolypropyle- 
ne or homopolyethylene before being spun either dry or in a separate machining step in 
molten state in an extruder. 

Table 2 shows the blending ratios of modified polyolefin and unmodified polyolefin, as 
25 well as the spinning conditions. 

Figure 2 shows an SEM picture of a PP fiber containing 20 % by weight of the modified 
polypropylene product of Example h. The figure shows that the po!y(styrene-co-(2- 
HPMA)) is dispersed as pearls having a size of approx. 0.4-0.9 /xm in the polypropylene 
30 matrix. A comparison between Figures 1 and 2 shows that the drop size of the dispersed 
phase has increased somewhat, but the structure is stable, considering that this material 
has been machined both in an extruder and in a spinning machine. 



WO 96/26308 PCT/F196/00073 

11 

The physical properties of the fibers are shown in Table 2. Modification does not 
substantially affect the strength properties of polypropylene. 
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Table 1. Preparation of modified PO by solid state grafting. 
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Testing methods 

5 The color difference, aE, is obtained by comparing the color of the dyed fiber to the 
color of the undyed fiber. The color measurements were performed using a Minolta 
Chroma Meter CR-210. The source of light was a so-called C-light source. In the color 
measurement, five different measurements of the sample were performed, and the final 
value for the sample was obtained as a mean of these measurements. The values range 

10 from 0 to 100, the best being 100. 

Fastness to water wash was investigated by the method SFS 5065 (corresponds to ISO 
105-CO6). The change of color of the samples and staining on the test fabrics were 
assessed by using gray and gray /white scales. The value may be 1-5, the best being 5. 

15 

Fastness to rubbing was investigated by the method SFSA 2979 (corresponds in part to 
ISO/R 105/1- 1959 Part 18). The assessment was made using a gray/white scale. The 
values range from 1 to 5, the best being 5. 

20 Fastness to dry cleaning was investigated according to the standard SFS-ISO 105-D01. 
The sample was kept for 30 minutes at 30 °C in trichloroethylene by using a Linitest 
apparatus. The amount of solvent was 200 ml. The fastness to dry cleaning was assessed 
on a gray scale. The values range from 1 to 5, the best being 5. 

25 Fastness to light was investigated according to the standard SFS 2719/method 1. The 
exposure was by using an Original Hanau System Cassela apparatus with a mechanism for 
turning the samples. The temperature was 35-45 °C. The color fastness value was ob- 
tained from a blue scale which had been exposed for as long a time as had the samples. 
The values ranged from 1 to 8, the best being 8. 

30 

Blends 1 and 2. 

Blends 1 and 2, products a and b, were dyed using an acid dye. The dyeing recipe was: 
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- 1.0 wt. % 



Nylanthrene Red B-2BSA 
Agent Atsa MD (wetting agent) 
Sodium acetate 



- 0.2 wt. % 



- 1.0 g/1 

- pH 3.5 



Formic acid 



5 



Dyeing temperature program: 

25 °C / 10 min; raising of the temperature to 100 °C / 75 min; 100 °C / 50 min; 
lowering of the temperature to 25 °C / 60 min. 

10 The saponifying agent used was 0.5 g/1 of Agent Atsa TE / 20 min at 60 °C. 

Table 3 shows that the values of color difference and fastness to wash were in the same 
order as those for a commercial polyamide 6.6 fiber (windsheeter fabric). The color 
difference of pure polypropylene with acid dye is close to zero, so that the wash fastness 
15 values for pure polypropylene cannot be sensibly compared with the values for blends ac- 
cording to the invention. The results show that polypropylene which contains DMAPMA- 
modified polypropylene can well be dyed by using acid dyes. 
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Table 3. Test results for blends dyed with acid dye 
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Blends 3-9, products c-i, were used for testing the effect of different polar monomers on 
the dyeability of polypropylene fiber with disperse dyes. Before dyeing the fibers were 
5 washed with a normal detergent and water. The dyeing recipe and temperature were: 

- 1.0 wt. % dye, Resol Red K-2BLS 200 % or Resol Blue K-2GLS 200 % 

- 0.2 wt % Agent Atsa MD, wetting agent 

- 1 g/1 Setamol VS, dispersing agent 

- 0.3 ml/1 acetic acid 80 
10 - 60 minutes at 120 °C 

The saponifying agent used was 0.5 g/1 of Agent Atsa TE / 20 min at 60 °C. 

Tables 4 and 5 show the dyeing and color fastness results for blends 3-9. The tables also 
15 show, for comparison, the values for polyester fiber. The results show that the blends 
according to the invention are dyeable with disperse dyes, and that color fastness values 
are also good, i.e. in the same order as the corresponding values for polyester fibers. 

With styrene, which was the least polar of the monomers selected, varying results of 
20 dyeing were obtained for blend 3 . With Resol Red the color difference was in the same 
order as for polyester, but with Resol Blue the color difference was only 43, which is too 
low, as was the color fastness in both cases. This observation corroborates the key point 
of the invention, according to which the monomer used for the modification should be 
polar. 

25 

A color difference of 42 was obtained using pure, non-modified polypropylene when the 
dyeing was carried out using Resol Red K-2BLS in the same manner as described above. 
A color difference of 42 is so low, merely a light tone, that comparing it with products 
according to the present invention is not relevant. 
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Blends 10-13. 

In this test series it was investigated how the amount of polypropylene modified by solid 
state grafting in polypropylene fiber affects dyeability and color fastness with disperse 

5 dye. The dyeing was carried out by the same procedure as for blends 3-9. The modified 
polypropylene contains 12 % by weight of 2-HPMA and 18 % by weight of styrene, i.e. 
it is product j in Table 1. This was blended with homopolypropylene in molten state 
according to Table 2, blends 10-13. Table 6 shows that dyeability and color fastness are 
improved if the concentration of the "active" component in the polypropylene fiber is in- 

10 creased. The only difference between blends 11 and 12 is in the spinning conditions, see 
Table 2. In dyeability and color fastness, blends 11 and 12 are almost equally good. 
Specifically in this test series, with this modified polypropylene, blend 10 evidently 
contains too little of the "active" component. 

15 Blends 14-16. 

In these tests, the dyeability and color fastness properties of a product according to the 
invention were compared with those of a commercial polyester fiber. The dye was a 
disperse dye. The modified polypropylene was the same as product h in Table 1. The 
20 blend of modified polypropylene and homopolypropylene was made in an extruder. Table 
7 shows the blending ratios and the spinning conditions. 

The dyeing was performed by the same procedure as for blends 3-9. A comparison among 
blends 14-16 shows that the dyeability and color fastness values are the better the higher 
25 the content of modified polypropylene in the fiber. However, blend 14, which contains 
only 10 % by weight of modified polypropylene has rather good dyeability and color 
fastness values. The results are shown in Table 8. 
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Blends 15 and 16 were compared with a commercial polyester fiber by using dyebaths at 
different concentrations. The dyeing procedure was otherwise the same as for blends 3-9. 
The results are compiled in Figure 3 and Table 9. 

5 Table 9. Fastness to water wash and to nibbing of blends 15 and 16, with Resol Red K- 
2BLS, at different concentrations of the dyebath. 
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The results show that a polypropylene which contains a polypropylene modified by the 
grafting of a suitable monomer has a dyeability comparable to that of polyester fiber, and 
its color fastness values are in the same order as those for polyester fiber. Table 9 shows 
that the color fastness values are lowered if the concentration of the dyebath is higher than 
5 1 % by weight. When the concentration of the dyebath is 2 or 4 % by weight of dye in 
the dyebath, the fibers are oversaturated with dye and this "excess" dye easily washes out 
in color fastness tests. 



Blends 17-19. 

10 

In these tests, the suitability of modified polyolefins k (homopolypropylene-EMA) and 1 
(LLDPE-EMA) was investigated. The blending ratios, spinning conditions and fiber 
properties are shown in Table 10, the dyeing results in Table 11. The dyeing procedure 
was the same as for blends 3-9. 
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D. Printability 

The printability of a polypropylene knit was tested on two blends. One was the previously 
described blend 12 and the other similar to blend 9 but containing EMA 20 % by weight 
5 instead of 40 % by weight. The colorants used were disperse dyes Terasil Yellow GWL- 
01 150 %, Pink 3G, and Blue BGE 200 %. The dye paste contained 

- 2 g/kg dye 

- 400 g/kg thickener, Meyprogum TC-M25B-GM 2.5 % 

- 1 g/kg wetting agent, Atsacryl NI 
10 - acetic acid for pH control (4.5) 

Prewetting was carried out using 1 g/1 of Atsacryl NI, and the wetting was 100 %. The 
printing was carried out using the color paste described above, the fixing by means of 
water vapor (105 °C, 10 min, relative moisture 50 %). The knit was rinsed with cold 
15 water after the fixing. Since the color paste contained dye only 2 g/kg, the color tone of 
the knits was of an average level. After fixing the color remained in the fibers in the 
rinsing step, and the rinsing water did not contain dye. The dyeing and color fastness 
results are shown in Table 12. 
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Claims 

1. A dyeable and printable polyolefin fiber which is made up of a blend of modified 
polyolefin and unmodified polyolefin, or of modified polyolefin alone, characterized in 
5 that the modified polyolefin is produced by allowing an initiator and one or more polar 
monomers having a double bond and being radically polymerizable to become absorbed 
into polyolefin, whereafter the temperature is raised and the monomer is polymerized 
inside the polyolefin matrix, forming a dispersed phase. 

10 2. A polyolefin fiber according to Claim 1 , characterized in that the polar monomer may 
form a covalent, ionic, hydrogen or van der Waals bond with the dye. 

3. A polyolefin fiber according to Claim 1 or 2, characterized in that the polar monomer 
is acryl ester or vinyl ester. 

15 

4. A polyolefin fiber according to Claims 1-3, characterized in that the polar monomer 
is alkyl (meth)acrylate, alkoxyalkyl (meth)acrylate, hydroxyalkyl (meth)acrylate, alkyl 
(meth)acrylamide, alkyl- or dialkylaminoalkyl (meth)acrylamide, alkyl- or dialkylaminoal- 
kyl (meth)acrylate, alkylvinyl pyridine, styrene, or oxazoline which contains double 

20 bonds. 

5. A polyolefin fiber according to Claims 1-4, characterized in that the polar monomer 
is preferably alkyl (meth)acrylate having 1-4 carbon atoms in the alkyl chain, hydroxypro- 

pyl methacrylate, octyl acrylamide, or dimethylaminopropyl methacrylamide, which are 

•. 

25 used either alone or as a blend with one another or with styrene. 

6. A polyolefin fiber according to Claims 1-5, characterized in that in the preparation 
of the modified polyolefin the polyolefin is a homopolymer of propylene or a copolymer 
of propylene with ethylene or other a-olefins. 

30 

7. A polyolefin fiber according to Claims 1-5, characterized in that in the preparation 
of the modified polyolefin the polyolefin is a homopolymer of ethylene or a copolymer of 
ethylene with propylene or other a-olefins. 
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8. A polyolefin fiber according to any of the above claims, characterized in that a 
solvent, preferably styrene, is used as an auxiliary agent in the impregnation with polar 
monomer. 

5 9. A polyolefin fiber according to any of above Claims 1-8, characterized in that the 
mixing of modified polyolefin and unmodified polyolefin is carried out by melt mixing in 
an extruder. 

10. A polyolefin fiber according to any of above Claims 1-8, characterized in that the 
10 mixing of modified polyolefin and unmodified polyolefin is carried out by dry mixing. 

11. A polyolefin fiber according to any of the above claims, characterized in that the 
fiber is made by spinning. 

15 12. A polyolefin fiber according to any of the above claims, characterized in that the 
fiber is a split fiber. 

13. A polyolefin fiber according to any of the above claims, characterized in that the 
dyeing is carried out in an aqueous solution by using anionic, cationic, reactive or 

20 disperse dyes. 

14. The use of a polyolefin fiber according to any of Claims 1-13 as a textile fiber in 
home textiles, clothing or automobile upholstery, or as an industrial fiber in bands, ropes, 
filters or large sacks. 
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